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Abstract 
We report the co-deposition, in a single step, of metal nanoparticles and tungsten oxide nanoneedles by 
aerosol assisted chemical vapor deposition. The method leads to the growth of tungsten oxide 
nanoneedles decorated with copper, gold or platinum metal nanoparticles, respectively. SEM, TEM and 
EDX analysis have been used to investigate the morphology and composition of the different 
nanostructures grown on Al2O3 substrates. Gas sensors employing the different nanostructures have been 
fabricated and a preliminary characterization of their sensing properties to carbon monoxide and 
hydrogen is shown. Our nanomaterials behave as n-type semiconductors and, those decorated with metal 
nanoparticles show high stability, high reproducibility, high response and rapid detection of the gases 
studied at moderate operating temperatures (i.e., 250 or 300°C). 
© 2012 Published by Elsevier Ltd. 
 
1. Introduction 
Gas sensors are increasingly needed for industrial health and safety, environmental monitoring, and 
process control.  To address the need of these instruments, considerable research into the development of 
sensing layers with improved properties to achieve an efficient detection of gases are underway. 
1D metal-oxide nanostructures, including nanoneedles, are very promising materials for gas sensing [1], 
because of their high surface to volume ratio, enhancing 3S properties of sensors... 
Various technologies are being employed for the growth of metal-oxide nanostructures, in our case we 
have adopted the deposition via AACVD method due to its simplicity, its relative low cost of setting and 
operation and its scalability. Via AACVD, the synthesis of nanostructures, the decoration with metal 
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nanoparticles and the integration in the structure of a device take place in a single step of the process and, 
this is not only industrially advantageous but also represents a more environmentally sustainable way of 
producing nanodevices [1]. This paper reports the AA-CVD growth, in a single step, of tungsten oxide 
nanoneedles decorated with Pt, Au or Cu nanoparticles. The use of metal nanoparticles with catalytic 
properties not only helps increasing sensitivity, reduces response time or lowers operating temperature, 
but also may lead to an increase in selectivity. 
2. Doped and undoped WO3 deposition by AACVD 
Four mixtures of precursors were prepared; 150 mg of [W (OPh) 6] was dissolved in a mixture of 
acetone and toluene (25 ml, 50:50, Sigma-Aldrich, 99.6%), and 150 mg of [W(OPh)6] in 25 ml of 
acetone was added respectively to 10 mg of HAuCl4·3H2O in 5 ml of Methanol (Sigma-Aldrich, 99.6%), 
10 mg [Cu(C5H7O2)2] in 5 ml of chloroform (Sigma-Aldrich, 99.6%) , and 10 mg of H2PtCl6·xH2O in 5 
ml of methanol. Substrates were cleaned with ethanol and then with acetone, dried in air and then placed 
inside the reactor at temperature of 400°C for the growth of pure WO3 nanostructures, and at 350°C for 
the growth of metal doped WO3. An ultrasonic humidifier was used to generate an aerosol from the 
precursor solutions kept in a glass flask which were transported to the heated substrate by a flow of 
carrier gas (nitrogen). The flow was set to 0.5 L/min. The exhaust from the reactor was vented directly 
into the extraction system of a fume cupboard. The deposition time was between 40 to 50 min, until all 
the precursor had passed through the reactor. 
3. Sensor substrate and gas sensing  characterization 
3.1 Sensors  substrates 
     Sensor substrates were fabricated by thick-film technology onto 
alumina substrates. On the front side, interdigited gold electrodes (with 700 Pm electrode gap) were 
printed. A Pt heater and temperature sensing resistive meander were printed onto the backside. Fig.3 
shows a picture of the substrates employed. Electrodes are still visible under the tungsten oxide film. 
After coating the electrode area with deposited layer, the substrates were wire bonded to a PCB 
employing an Ag soldering paste.  
                             
 
 
 
3.2 Gas Sensing characterization 
The sensors were placed in a test chamber, which had a volume of approximately 280 cm3. The 
resistance change of non-fonctionalized and functionalized films during exposer to different concentration 
of contaminate gas was monitored by using an electrometer from Keathley instrument Inc. (model 
Fig.3. Image of the sensor substrates prior to wire bonding and encapsulation. 
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6517A) with a data acquisition card (model 6522). The desired concentrations of test gases were obtained 
employing calibrated gas bottles and PC-controlled mass flow controllers (Bronkhost Hitech 
7.03.241).several sensor- operating temperatures in the range of 200-350 were tested. The sensors were 
exposed to the contaminate gas during 10 min, and subsequently the chamber was purged with air l 
during 45 minutes, which enabled recording the recovery of their baseline resistance. After this process, 
the sensors were ready for a new measurement. 
4. Results and discussions 
4.1.  Surface morphology and structural characterization 
The structure and the surface morphology of the coatings have been investigated by SEM, TEM and 
EDX analysis. SEM image of undoped WO3 layer deposited on Al2O3 substrate shows a thick film of 
nanoneedles with a high density and homogenous distribution over the substrate. 
To analyze the presence of nanoparticles with TEM, the samples were prepared by 10 min ultrasonication 
in methanol of a glass substrate deposited with metal nanoparticles/ WO3 nanoneedles. TEM images of 
the nanoneedles decorated with metal nanoparticles are shown in Fig.2. The nanoparticles can be easily 
observed from the image, they appear well dispersed along the surface of WO3 nanoneedles. Nanoneedles. 
 
                   
 
 
 
 
The presence of copper, gold and platinum nanaoparticles was confirmed by energy dispersive X-ray 
spectroscopy (EDX). EDX analysis of the undoped films shows the presence of tungsten and oxygen with 
an atomic percentage of 16.73 and 57.52 respectively. However, Al and C were also identified in EDX 
spectra. The presence of Al can be explained by the use of Al2O3 substrates and C is related to the organic 
solvents used. In respect to Cu/WO3, Au/WO3, and Pt /WO3 layers (Fig.2), EDX analysis confirms the 
presence of Copper (at% 0.70), Au (at% 0.88) and Pt (at% 0.26), respectively. 
4.2. Gas sensing analysis 
Gas sensors based on doped and undoped WO3 nanoneedles were tested to different concentrations of 
CO and H2. All sensors behave as n-type semiconductors and, those decorated with metal nanoparticles 
Fig.1. SEM image of the obtained WO3 nanoneedles.  Fig.2. TEM images of WO3 nanoneedles decorated with metal 
nanoparticles: (a) Cu/WO3 nanaoneedles; (b) Au/WO3 nanoneedles; 
and (c) Pt/WO3 nanoneedles.
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show high stability, high reproducibility, high response and rapid detection of the gases studied at 
moderate operating temperatures (i.e., 250 or 300°C). Fig 4 shows the sensing characteristics of Cu/WO3 
and Pt/ WO3 sensors as a function of temperature. The highest sensor responses of Pt/WO3 were 
displayed at 300 °C toward 500 ppm of CO and H2 respectively, however, it was at 250 °C for Cu/WO3. 
          
 
 
 
Fig. 5 reports the two-dimensional score plot in which separation among CO and H2 using two 
concentrations was investigated. As one can see, the variances explained by the first and the second 
principal components are 77.19%, and 22.56%, respectively. Therefore, the 2-dimensional plot 
represented by PC1 and PC2 scores can express 99.75% information from the gas dataset. Thus, PCA 
results show a satisfactory quantitative and qualitative discrimination between the studied gases with 
different concentration.  
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Fig. 4. Sensing characteristics of Cu/WO3 and Pt/ WO3 sensors as a function of temperature, towards: (a) 500 ppm of CO, 
(b) 500 ppm of H2. X-axis (temperature in ºC) Y-axis (sensor response Rair/Rgas)  
(a) (b)
Fig. 5. PCA results using sensors responses at 300ºC for the WO3, Cu/WO3 and Pt/WO3 gas sensors, 
towards 200 and 500 ppm of CO and H2 respectively. 
